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TWO WIRE MIXED SIGNAL B 
DIRECTIONAL BUS INTERFACE 

DESCRIPTION 

1. Technical Field 

The present invention relates to buS interfaces and more 
particularly pertains to a two wire mixed Signal 
bi-directional bus interface for transmitting both analog and 
digital Signals on a Simplistic bus interface that requires leSS 
die area overhead and is expandable to accommodate a large 
number of devices of a variety in nature. 

2. Background Art 
BuS interfaces are commonly used in various electronic 

applications to allow communication between a controlling 
mechanism Such as a microprocessor, and a plurality of 
peripheral parts, or devices. Prior Art FIG. 1 shows an 
example of a bus interface 100 of the prior art. As shown, the 
bus interface includes a microprocessor 102, a first bus 104, 
a second bus 106, and a plurality of peripheral devices 108. 
AS is conventional, the microprocessor 102 communi 

cates with the devices 108 via the first and second buses 104 
and 106 using an associated buS protocol. This bus protocol 
comprises a set of rules for delivering and receiving infor 
mation on the bus interface. Specifically, the microprocessor 
102, in accordance with the bus protocol, may “activate” or 
Select one of the devices by identifying the same with an 
asSociated address. This is accomplished by transmitting a 
digital binary code to each of the devices 108 via the first bus 
104. If the binary code matches the address of one of the 
devices 108, such device 108 is “activated”. Once 
“activated”, communication between the microprocessor 
102 and the selected device 108 may ensue to the extent of 
accomplishing a task. For example, the device 108 may 
deliver the microprocessor 102 digital information by way 
of the second bus 106. 

Prior art bus interfaces like the one shown in Prior Art 
FIG. 1 are conventionally used to pass only one type of 
Signal, i.e. analog or digital. By passing only one type of 
Signal, Such bus interfaces are limited to working with only 
analog peripheral devices or digital peripheral devices. 

Further, prior art buS interfaces are very complex in 
nature. This complexity translates into a large die area on the 
asSociated integrated circuit on which the System is built. 
For example, for complex protocols such as J2C and SMB, 
such die area would be prohibitively large. There is thus a 
need for a simpler bus protocol that may be more easily 
implemented on a Smaller die area. 

There is thus a need for a bus interface capable of 
transmitting both analog and digital signals on a simplistic 
buS interface that requires less die area overhead and is 
expandable to accommodate a large number of devices of a 
variety in nature. 

DISCLOSURE OF THE INVENTION 

The present invention comprises a bus interface including 
a first bus transmission medium adapted for being connected 
to a control Signal Source which generates a plurality of 
Sequential control Signals. During use, the first buS trans 
mission medium Serves to communicate the Sequential con 
trol Signals. ASSociated with the first buS transmission 
medium is a Second bus transmission medium that is in 
communication with at least one peripheral device. Such 
device generates an output signal on the Second bus trans 
mission medium upon actuation. Tracking circuitry is con 
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2 
nected to the device and remains in communication with the 
first bus transmission medium. Through this 
interconnection, the tracking circuitry is capable of actuating 
the device upon the receipt of at least one of the Sequential 
control Signals that is associated with the device and is 
distinguishable by a unique Sequential order amongst the 
remaining Sequential control Signals. 
By this design, a more Simple bus protocol is provided 

that is not only more easily understood, but also more easily 
implemented on a Smaller die area. Such simplicity also 
permits the buS interface of the present invention to be 
conveniently expanded to accommodate a large number of 
peripheral devices of a variety in nature. In addition to the 
foregoing benefits, the present invention also allows the 
communication of both analog and digital Signals between a 
controlling mechanism and peripheral devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood when consider 
ation is given to the following detailed description thereof. 
Such description makes reference to the annexed drawings 
wherein: 

Prior Art FIG. 1 is an illustration of a bus interface of the 
prior art. 

FIG. 2a is an illustration of one embodiment of the 
present invention with the incorporation of a Single device to 
be controlled. 

FIG.2b is a timing diagram delineating a Suitable method 
of the present invention used to actuate the Single device of 
FIG. 2a. 

FIG.3a is an illustration of the present invention with the 
incorporation of a plurality of devices to be controlled. 

FIG. 3b is a timing diagram delineating one possible 
method of the present invention used to actuate the devices 
of FIG. 3a. 

FIG. 4a is an illustration of yet another embodiment of the 
present invention. 

FIG. 4b is a timing diagram delineating one possible 
method of the present invention used to actuate the devices 
of the embodiment of FIG. 4a including the D flip-flop. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

The present invention includes a bus interface and asso 
ciated protocol that transmits both analog and digital Signals, 
requires leSS die area overhead, and is expandable to accom 
modate a large number of devices of a variety in nature. 
As shown in FIGS. 2a and 2b, a bus interface 8 in 

accordance with a first embodiment of the present invention 
includes a control Signal Source 10, a controlling mechanism 
13, first and Second bus transmission mediums 12 and 14, at 
least one peripheral device 16, and tracking circuitry 18. The 
control Signal Source 10 is provided for generating a plu 
rality of Sequential control Signals 11 and may comprise a 
Stand-alone unit, or be connected to or integral with a 
microprocessor or any other type of controlling mechanism 
13. See FIGS. 2a and 3a. For reasons that will become 
apparent hereinafter, the Sequential control Signals 11 
include a continuous Stream of consecutive pulses 15 each 
distinguishable by a unique order amongst the remaining 
Sequential control Signals 11. The Sequential control signals 
are thus Similar to a clock signal. Note the Sequential control 
signals shown in FIG.2b and described below. 
The first bus transmission medium 12 is connected to the 

control signal Source 10 for communicating the Sequential 
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control Signals 11. The Second bus transmission medium 14 
is connected between the controlling mechanism 13 and the 
device 16 which carries out a task upon the actuation 
thereof. Such task may take any form including, but not 
limited to the detection of a condition, the reading of data in 
the form of an analog or digital Signal, or the transmission 
of an analog or digital output Signal 17 on the Second bus 
transmission medium 14. Accordingly, the device 16 may 
take on any form including, but not limited to a multiplexer, 
a latch, a register, an analog to digital converter, a digital to 
analog converter, or a Sensor Such as a temperature Sensor or 
the like. In order to accommodate an analog signal from one 
of the devices via the Second bus transmission medium 14, 
the controlling mechanism 13 may be equipped with an 
analog to digital converter. 

In one embodiment, the present invention includes a 
single device 16, as shown in FIG. 2a. In other 
embodiments, however, a plurality of devices 16 may be 
connected to the first and Second bus transmission mediums 
12 and 14. Note FIG.3a. When a plurality of devices 16 are 
utilized, it is important that the Same do not interfere with 
each other while not actuated. AS Such, each of the devices 
16 is adapted to tri-state the output thereof while not 
actuated, as indicated by the dotted lines in FIGS.2b, 3b and 
4b. 

It should be noted that the connection between the control 
Signal Source 10, the controlling mechanism 13, the device 
16, and the first and second transmission mediums 12 and 14 
may be accomplished in any manner insofar as communi 
cation is afforded therebetween. To that end, any type of 
transmission medium may be employed whether it be a 
conductive line, a fiber optic line, free Space or the like. 

Next provided is the tracking circuitry 18 that may 
comprise a Stand alone unit, or be connected to or integral 
with the device(s) 16, as shown in FIGS. 2a and 3a. In the 
case where multiple devices 16 are used, the devices 16 each 
may have dedicated tracking circuitry 18 associated there 
with or, in the alternative, a single tracking circuit may 
service a plurality of devices 16. In still yet another 
embodiment, the tracking circuitry 18 may be incorporated 
with the control Signal Source 10 or controlling mechanism 
13. In any of the foregoing embodiments, the various 
components of the present invention may comprise of any 
combination of discrete and/or integrated circuits. 

FIGS. 2b and 3b show examples of the manner in which 
the tracking circuitry 18 controls the associated device(s) 16, 
respectively. In use, the tracking circuitry 18 Serves for 
actuating the appropriate device 16 upon the receipt of at 
least one of the Sequential control signals 11 that is associ 
ated with, or assigned to, the device 16. Each Sequential 
control Signal is both identifiable and distinguishable by a 
unique Sequential order of the Sequential control signal 
amongst the remaining Sequential control Signals 11. By this 
design, each of the devices 16 that is in communication with 
the first buS transmission medium 12 may be actuated upon 
the receipt of the corresponding Sequential control Signal. 
During use, actuation of the devices 16 may begin at the 
rising edge of the associated Sequential control Signal and 
last the entire duration of the associated Sequential control 
Signal. These details relating to the actuation of the device 
are shown in FIG. 2b. 

Selection of the Sequential control Signal that is to be 
asSociated with, or assigned to, each device 16 may be 
accomplished in a variety of ways. For example, the Sequen 
tial control Signal that is associated with the device 16 may 
be fixed or “built in” to the tracking circuitry 18. In the 
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4 
alternative, Such Sequential control Signal may be program 
mable or continuously controlled by any mechanism includ 
ing a plurality of digital Selection pins or the like associated 
with the tracking circuitry 18. It should be noted that the 
number of Sequential control Signals 11 associated with each 
device 16 need not be limited to one. For example, a 
plurality of consecutive or non-consecutive Sequential con 
trol signals 11 may be associated with, or assigned to, a 
device 16 during the receipt of which the tracking circuitry 
18 actuates the device 16. This feature is particularly ben 
eficial for devices Such as analog to digital converters which 
may output on the Second buS transmission medium 14 a 
String of bits that is representative of an analog signal. 
Once each of the devices 16 has been actuated by the 

corresponding Sequential control signals 11, there then 
becomes a need to “reset' the bus interface 10 in order to 
allow the Subsequent actuation of the devices 16. In one 
embodiment, the bus interface 10 is “reset' after a prede 
termined number of the Sequential control Signals 11 has 
been generated. Such predetermined number, of course, 
must be at least the number of devices 16 which are utilized. 
In the present description, “reset' thus refers to the tracking 
circuitry 18 restarting the count after the predetermined 
number of Sequential control Signals has been generated. 
The present “wrap-around” embodiment is well suited for 
certain applications yet when a System is updated to include 
a number of devices 16 which exceeds the predetermined 
number of Sequential control Signals, more ingenuity is 
required. 

Yet another method is offered wherein the bus interface 10 
is “reset upon an “anomaly within the Sequential control 
Signals 11 being generated by the control Signal Source 10. 
While such “anomaly” may take on any form, it may also 
include a time period between the Sequential control signals 
11 which is greater than a predetermined amount of time. 
This predetermined time period may, for example, exceed 
the average duration of each of the Sequential control signals 
11. In the present embodiment, the tracking circuitry 18 is 
prompted by the “anomaly to restart the counting of the 
Sequential control Signals 11. By this design, addition and 
removal of multiple devices 16 may be accommodated by 
mere adjustment of the placement of the “anomaly'. 

Just as each of the devices 16 may be “enabled' by 
ensuring that each device 16 has a Sequential control Signal 
assigned thereto, any one of the devices 16 may also be 
“disabled” by either one of two methods. A first method 
entails “resetting” the bus interface 10 prior to the genera 
tion of the Sequential control Signal associated with a device 
16. In the alternative, any device 16 may be “disabled' by 
Simply not Selecting a sequential control Signal to be 
assigned thereto. "Disabling” a device 16 is particularly 
advantageous if the device 16 includes a pull-up resistor and 
current conservation is desired. 

With reference now to FIGS. 4a and 4b, one implemen 
tation of the present invention will be set forth. As shown, 
the tracking circuitry 18 includes a counter 20 for incre 
menting between Sequential States upon the receipt of each 
of the Sequential control Signals 11. In Simple terms, the 
counter 20 counts each of the Sequential control Signals 11. 
Connected to the counter 20 is a comparator 22 for com 
paring a current State n of the counter 20 with a State N 
associated with the device 16. Upon the current state n of the 
counter 20 matching the state N associated with the device 
16, the tracking circuitry 18 actuates the device 16. 
To accomplish this, the tracking circuitry 18 includes an 

AND gate 24 connected between the comparator 22, the 
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control Signal Source and the device 16. In use, the AND gate 
24 actuates the device 16 only during the Simultaneous 
receipt of one of the Sequential control Signals 11 in com 
bination with the comparator 22 detecting the current State 
n of the counter 20 to match the state N associated with the 
device 16. While the current embodiment of the present 
invention may include any number of devices 16 of any 
type, FIG. 4a shows the incorporation of a D flip-flop 26, a 
digital multiplexer 28, and an analog multiplexer 30. 

FIG. 4b is a timing diagram that depicts the operation of 
the embodiment shown in FIG. 4a. In the present 
embodiment, the devices 16 are to be actuated during the last 
of a plurality of Sequential control Signals. AS shown, the 
sequential control signals 11 are inputted at a SELECT 
terminal and the comparator 22 of the tracking circuitry 18 
generates an activation signal 30 at an output COUNT 
immediately after an appropriate number of the Sequential 
control Signals 11 has been counted. By this design, the 
activation Signal 30 is pulsed during the last Sequential 
control signal and further terminates when the Sequential 
control signals 11 are “reset'. Both the sequential control 
Signals 11 and the activation signal 30 are inputted into the 
AND gates 24. To this end, the devices 16 are actuated for 
only the duration of the appropriate Sequential control 
Signal. In the case of the D flip-flop 26, the same is clocked 
at the rising edge of the appropriate Sequential control 
Signal, thereby transferring the current input D of the D 
flip-flop 26 to the output Q. Note FIG. 4b. 

With reference now to Table 1, a specific implementation 
of the present invention will now be set forth. As indicated, 
a plurality of devices are provided which are connected to 
the bus interface 10 as described hereinabove. Each device 
is assigned a unique set of the Sequential control signals 
referred to as an address in Table 1. It should be noted that 
the “0” address is not assigned in the present embodiment. 
Further, the devices each have a varying number of Sequen 
tial control signals associated there with meaning each is 
actuated a unique amount of time. Also shown is the nature, 
i.e. analog or digital, of the input of each device along with 
the nature of the output that is transmitted on the Second 
transmission bus medium. 

TABLE 1. 

Device Input Output Address 

Temp Sensor Temp Analog 1, 2, 3, 4 
Voltage Input Analog Analog 5, 6 
Digital Input Digital Digital 7, 8 
Digital Output Digital N/A 9, 10, 11, 12 
Analog Output Digital N/A 13/14, 15/16 
ADC 8 bit Analog Digital 17–24, 25–32 
DAC 8 bit Digital Analog 33-40, 41-48 

Specifically, the temperature Sensor and Voltage input of 
the present embodiment Serve for inputting a temperature 
and a Voltage value, respectively, anywhere in a System. The 
digital input and output are included for inputting and 
outputting digital information. Similarly, the analog output 
is adapted for outputting analog data. To improve the 
efficiency of the System, the output devices may be assigned 
addresses that are higher than those of the input devices. So 
as to ensure “short cycling”. “Short cycling” refers to 
avoiding the “resetting” of the buS interface after input data 
has been received and before Such input data has been 
outputted. In use, the digital output may be used to drive 
various output mechanisms. Such as a light emitting diode, 
fan, or the like. The analog output is incremented and 
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6 
decremented when a “1” and a “0” are received, respec 
tively. AS an option, the analog output may be assigned two 
addresses, as shown, So that the analog output may also be 
“passed”, neither incremented or decremented. In use, the 
analog output may be used to adjust volume or controls 
within an application. Finally, the analog to digital and 
digital to analog converters work in a conventional manner. 
AS mentioned earlier, those devices which have high 
addresses may be easily “disabled' by simply resetting the 
interface bus prior to the generation of the Sequential control 
Signals associated with the device. 
AS to the manner of usage and operation of the present 

invention, the same should be apparent from the above 
description. Accordingly, no further discussion relating to 
the manner of usage and operation will be provided. 

Although only a few embodiments of the present inven 
tion have been described in detail herein, it should be 
understood that the present invention could be embodied in 
many other Specific forms without departing from the Spirit 
or Scope of the invention. 

Therefore, the present examples and embodiments are to 
be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but 
may be modified within the Scope of the appended claims. 

I claim: 
1. A method for Signaling a device from a control mecha 

nism over a bus comprising: 
providing a control mechanism; 
pairing a control signal Source with Said control mecha 

nism; 
providing at least one peripheral device having a device id 

corresponding to a predefined number, 
pairing a tracking circuit to Said at least one peripheral 

device, Said tracking circuit responsive to electrical 
pulses and capable of matching electrical pulses to Said 
predefined number of Said at least one peripheral device 
to which said tracking circuit is paired; 

connecting Said control signal Source and Said tracking 
circuit with a bus interface, Said control mechanism 
operable to generate a Series of pulse control Signals 
acroSS Said bus interface with Said control Signal 
Source, wherein Said Series of pulse control Signals is a 
number of electrical pulses corresponding to at least 
one of Said device ids, 

Sending a control Signal from Said control Signal Source 
along Said bus interface to Said tracking circuit, Said 
control Signal being Said Series of pulse control Signals, 
wherein Said control Signal is intended to actuate a 
corresponding device of Said at least one peripheral 
device, wherein Said control Signal may be fixed or 
programmable; 

Said tracking circuit determining whether Said control 
Signal corresponds to Said device id by counting Said 
Series of pulses and comparing Said predefined number 
with Said counted pulses, and 

actuating Said corresponding device of Said at least one 
peripheral device when Said tracking circuit receives 
Said control Signal and Said control Signal corresponds 
to Said device id. 

2. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said tracking circuit 
resets during a pause in Said Series of pulses. 

3. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said tracking circuit 
resets after receiving an anomaly from Said control Signal. 
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4. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said tracking circuit 
and Said at least one peripheral device are a single unit. 

5. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein a plurality of Said 
tracking circuit is paired to a single at least one peripheral 
device. 

6. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said control mecha 
nism and Said control Signal Source are a Single unit. 

7. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said bus may have at 
least one new peripheral device added to it. 

8. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, herein Said at least one 
peripheral device is an analog to digital converter. 

9. The method of signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said at least one 
peripheral device is a digital to analog converter. 

10. The method of signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said peripheral device 
Sends an analog signal to Said control mechanism along a 
Second bus when Said peripheral device is actuated. 

11. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said control mecha 
nism Sends an analog signal to Said peripheral device along 
a Second bus when Said peripheral device is actuated. 

12. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said tracking circuit 
includes a counter for incrementing between Sequential 
States upon a receipt of each of Said control Signals, Said 
tracking circuit further including a comparator for compar 
ing a current State of said counter with a State associated with 
Said at least one peripheral device, wherein Said tracking 
circuit actuates Said at least one peripheral device upon said 
current Stated of Said counter matching Said State associated 
with at least one peripheral device. 

13. The method of Signaling device from a control mecha 
nism over a bus as in claim 1, wherein Said tracking circuit 
in includes an AND gate connected between Said 
comparator, Said control Signal Source and Said at least one 
peripheral device for actuating Said at least one peripheral 
device only during a simultaneous receipt of one of Said 
control Signals in combination with Said comparator detect 
ing Said current State of Said counter to match Said State 
asSociated with Said at least one peripheral device. 

14. A control mechanism for Signaling a device over a bus 
comprising: 

a control mechanism; 
a control Signal Source paired with Said control mecha 

nism; 
at least one peripheral device; 
a tracking circuit paired to Said at least one peripheral 

device; 
Said control Signal Source connected to Said tracking 

circuit with a buS interface, 
a control Signal Sent from Said control Signal Source along 

Said bus interface to Said tracking circuit, wherein Said 
control Signal may be fixed or programmable; and 

Said at least one peripheral device being actuated when 
Said tracking circuit receives Said control Signal and 
Said control Signal corresponds to Said tracking circuit; 

wherein Said control Signal corresponds to Said tracking 
circuit by Said control Signal being a Series of pulses, 
and Said tracking circuit counts said Series of pulses, 
and matches Said Series of pulses to a predetermined 
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8 
number corresponding to Said at least one peripheral 
device to which said tracking circuit is paired. 

15. A two wire mixed signal bi-directional bus interface 
compriSIng: 

a first bus capable of transmitting a digital signal; 
a Second bus capable of transmitting an analog signal; 
a control mechanism; 
a control Signal Source paired with Said control 

mechanism, wherein Said control signal may be fixed or 
programmable; 

at least one peripheral device; and 
one or more tracking circuit paired with each of Said at 

least one peripheral device; 
wherein a first digital Signal is transmitted along Said first 

bus from Said control Signal Source to Said tracking 
circuit; 

wherein Said tracking circuit identifies Said first digital 
Signal and actuates Said at least one peripheral device 
that said tracking circuit is paired with when said first 
digital Signal corresponds to Said tracking circuit, 
wherein Said first digital Signal corresponds to Said 
tracking circuit by Said first digital signal being a Series 
of pulses, and Said tracking circuit counts Said Series of 
pulses, and matches Said Series of pulses to a predeter 
mined number corresponding to Said at least one 
peripheral device to which said tracking circuit is 
paired; 

wherein Said actuation of Said at least one peripheral 
device allows Said at least one peripheral device to do 
at least one of Send a first analog Signal to Said control 
mechanism and receive a Second analog signal from 
said control mechanism. 

16. The two wire mixed signal bi-directional bus interface 
of claim 15, wherein said at least one peripheral device will 
tri-State Said Second analog signal while not actuated. 

17. The two wire mixed signal bi-directional bus interface 
of claim 15, wherein Said tracking circuit resets after said 
first digital Signal is transmitted along Said first bus. 

18. The two wire mixed signal bi-directional bus interface 
of claim 15, wherein Said interface is capable of having at 
least one new peripheral device added. 

19. A method for two wire mixed signaling using a 
bi-directional buS interface comprising: 

providing a first bus capable of transmitting a digital 
Signal; 

providing a Second bus capable of transmitting an analog 
Signal; 

providing a control mechanism; 
providing a control Signal Source paired with Said control 

mechanism for Sending and receiving control Signals, 
wherein Said control Signals may be fixed or program 
mable and wherein Said control Signals correspond to a 
Series of consecutive pulses each distinguishable by a 
unique order amongst the remaining Sequential control 
Signals; 

providing at least one peripheral device; and 
providing one or more tracking circuit paired with each of 

Said at least one peripheral device wherein Said tracking 
circuit counts Said Series of pulses, and matches Said 
Series of pulses to a predetermined number correspond 
ing to Said at least one peripheral device to which Said 
tracking circuit is paired; 

wherein a first digital Signal is transmitted along Said first 
bus from Said control Signal Source to Said tracking 
circuit; 
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wherein Said tracking circuit identifies Said first digital 
Signal and actuates Said at least one peripheral device 
that Said tracking circuit is paired with; 

wherein Said actuation of Said at least one peripheral 
device allows said at least one peripheral device to do 

10 
at least one of Send a first analog Signal to Said control 
mechanism and receive a Second analog signal from 
Said control mechanism. 


